Objective: Our experience with post-infarction left ventricular pseudoaneurysms (LVP) and surgical techniques in 13 patients. Various techniques: 1) direct pledgeted sutures; 2) single patch; 3) double-patch; 4) pericardial patch through the left atrium. Hospital mortality 4 (30.7%). Literature review: 306 patients with LVP undergoing surgery with 21.2% (65 deaths) mortality. In conclusion, this study revealed that surgical repair of LVP was associated with an acceptable surgical mortality rate. Cardiac rupture did not occur. Various techniques are available and should be considered according to the case presentation. The left ventricular pseudoaneurysm (LVP) is rare, the surgical experience is limited and its surgical treatment remains still a challenge with an elevated mortality. Herein, it is presented a retrospective analysis of our experience with acquired post infarct LVP over a10-year period. Materials and methods: Between January 2006 through August 2016, a total of 13 patients underwent operation for post infarct pseudoaneurysm of the left ventricle. There were 10 men and 3 women and the mean age was 61 ± 7.6 years. 4 patients presented acute LVP. Two patients had preoperative intraortic balloon pump implantation. Results: Various surgical techniques were used to obliterate the pseudoaneurysm such as direct pledgeted sutures buttressed by polytetrafluoroethylene felt, a Gore-Tex or Dacron patch, transatrial closure of LVP neck in submitral pseudoaneurysm, or linear closure in cases presenting associated postinfarct ventricular septal defect. Concomitant coronary artery bypasses were performed for significant stenoses in 12 patients, ventricular septal defect closure in 4 patients, mitral valve replacement in 3 and aortic valve replacement in 1 patient. Operative mortality was 30.8% (4 patients). Three of them were acute LVP. Three patients required the continuous hemodyalisis and 8 patients required intra-aortic balloon pump. At follow-up two deaths occurred at 1 and 3 years after surgery. Conclusion: In conclusion, this study revealed that surgical repair of post infarct left ventricular pseudoaneurysm was associated with an acceptable surgical mortality rate, that cardiac rupture did not occur in surgically treated patients.
Introduction
Acquired pseudoaneurysm of the left ventricle is a rare disorder that usually occurs after transmural myocardial infarction or after cardiac surgery [1e3] . Myocardial infarction is the most common cause of false aneurysms of the left ventricle, followed by cardiac surgery, trauma [6] , and infection [7] . Rupture of the free wall of the left ventricle due to myocardial infarction occurs in almost 4% of patients with infarcts and in 23% of those dying to myocardial infarction [4, 5] . Acute pseudoaneurysms, a variant of myocardial rupture, are extremely unstable and bound to fatal rupture. Chronic pseudoaneurysms are usually detected because of symptoms, less often incidentally [1, 3] . Pseudoaneurysms develop when cardiac rupture is contained by pericardial adhesions.
Pseudoaneurysms of the left ventricle have a strong tendency to rupture, leading to death if it is left surgically untreated. In particular, asymptomatic pseudoaneurysms that occur a few days after acute myocardial infarction are extremely unstable and tend to rupture [8] . The left ventricular pseudoaneurysms may be associated with other mechanical complications of the myocardial infarction such as ischemic mitral valve regurgitation [9] or interventricular septal defect [10] . The purpose of this article is to present a retrospective analysis of our surgical experience with post-infarction pseudoaneurysms.
Materials and methods
During the period from January 2006 through August 2016, a total of 13 consecutive patients underwent operation for pseudoaneurysm of the left ventricle in our universitary institutions. They were evaluated retrospectively. All patients with post infarction free-wall rupture and left ventricular true aneurysms were excluded from the study.
The study has been registered in Research registry under the number researchregistry2246 under the accordance of the declaration of Helsinki. Also the work has been reported in line with the PROCESS [11] .
There were 10 men and 3 women and the mean age was 61 ± 7.6years. All of the left ventricular pseudoaneurysms were discovered after transmural myocardial infarction. The diameters of the pseudoaneurysms were calculated by using transthoracic echocardiography in all patients. The mean maximum diameter of the pseudoaneurysms was 4.2 ± 0.7 cm. They were categorized as acute when discovered within 2 weeks of myocardial infarction and as chronic when discovered more than 2 weeks after the event. In the chronic forms, the mean interval between myocardial infarction and diagnosis was 6.2 ± 3.3months. In acute forms, the mean interval between myocardial infarction and diagnosis was 4.8 ± 3.3days and immediate surgery was undertaken upon diagnosis was made. Two patients had preoperative intraortic balloon pump implantation. Preoperative clinical features of the patients are presented in Tables 1 and 3 .
Diagnostic testing
Diagnostic investigation of ventricular pseudoaneurysm included contrast ventriculography in 10 patients (77%), transesophageal echocardiography in 9 (69%), transthoracic echocardiography in 13 (100%). On cross-sectional echocardiography the diagnosis was aided by a sharp discontinuity of the endocardium at the site where the pseudoaneurysm communicated with the left ventricle. On contrast ventriculography, a paraventricular mass with a narrow neck was typically seen. However in three patients, the ventriculography demonstrated left ventricular aneurysm (Fig. 1A) as in our first patient (Table 3 ). The transthoracic echocardiography revealed the presence of a left ventricular pseudoaneurysm (Fig. 1B) with the respective schematic presentation (Fig. 1C) , which was diagnosed intraoperatively as a chronic left ventricular pseudoaneurysm with almost total absence of the posterior wall of the left ventricle (Fig. 3A) .
Surgical techniques
All patients underwent midline sternotomy and cardiopulmonary bypass. Five patients underwent emergent operation because of signs of cardiovascular collapse or imminent cardiac rupture (cardiac tamponade). Cardiopulmonary bypass was instituted through the femoral vessels in 4 of them. Complete dissection of the heart was performed after cross-clamping the aorta, in an effort to avoid systemic embolization. In all other patients, ascending aorta and double venous or double-stage venous cannulation in patients undergoing interventricular septal defect or mitral valve replacement was performed. Antegrade cold blood cardioplegia was delivered after the aorta was clamped. With the anatomy identified, especially location and extent of the myocardial infarction, the decision about surgical technique was made. The dissection was initially limited to the anterior surface of the heart. Complete dissection of the heart and repair of the pseudoaneurysm was performed after cross-clamping the aorta. Ventricular fibrillation was electrically induced during repair of the pseudoaneurysm. The heart was then gently mobilized from pericardium and loose adhesions were taken down. In 4 patients the pseudoaneurysm was opened incidentally during the dissection. The bleeding site was identified and controlled by finger compression.
Various techniques were used to obliterate the pseudoaneurysm. Surgical procedure 1. In 4 patients whose defect had a small neck with densely fibrotic edges, primary repair was performed using pledgeted sutures buttressed by polytetrafluoroethylene (PTFE) felt (Fig. 2) .
Surgical procedure 2.In 3 patients with a defect located close to the basal part of the left ventricle, the ventricular defect was closed with a patch of Gore-Tex (W.L. Gore and Associates, Flagstaff, AZ, ® ) to avoid potential distortion of the heart structures or excessive traction on the edges of the defect (Fig. 3) . The capsule of the pseudoaneurysm was not resected but rather was used as a second layer over the patch for reinforcing the reconstructed ventricular wall and for hemostasis. The same technique consisting in patch closure of the left ventricular pseudoaneurysm without associated linear closure but only supported with Bioglue was employed in another patient (Fig. 4) .
Surgical procedure 3. In 2 other patients with severe mitral valve regurgitation, the neck of the pseudoaneurysm was closed through the left atrium using a patch of autologous pericardium (Fig. 5) .
Surgical procedure 4. In another patient with post infarct interventricular septal defect and left ventricular pseudoaneurysm ( Fig. 6A and B) , a double patch Dacron (Terumo, Somerset, NJ, ® ) was employed to close the left ventricular pseudoaneurysm internally and externally the left ventricle (Fig. 7) . Surgical procedure 5. In two other patients with associated inferior interventricular septal defect, the postero-inferor wall of the left ventricle was opened at the bleeding site and after the defect was closed using a Dacron patch, the left ventricular wall was closed according to the linear technique, employing two strips of Teflon and continuous Prolene 3.0 suture (Fig. 8) .
Surgical procedure 6. Another patient presented an inferior post infarction interventricular septal defect and posterior small pseudoaneurysm of the left and right ventricle very close to the posterior interventricular sulcus. The interventricular septal defect was closed with a Dacron patch which than was included between two layers of Teflon as demonstrated in Fig. 9 . Biological glue was applied in 6 patients to prevent bleeding. Concomitant coronary artery bypasses were performed for significant stenoses in 12 patients, post infarct interventricular septal defect closure in 4 patients, mitral valve replacement in 3 and aortic valve replacement in 1 patient.
Results
All patients underwent surgical correction. The mean cardiopulmonary bypass time was 183 ± 63 min and mean aortic cross clamping time was 146 ± 47 min. The left ventricular pseudoaneurysm was associated with post infarction interventricular septal defect which was closed in 4 (30.8%) patients. Mitral valve repair or replacement was performed in 3 (23%) patients and the aortic valve replacement in 1 (7.7%) patient. All patients underwent coronary revascularization and the mean grafts per patient was 2.8 ± 1.2, Operative and postoperative data are given Tables 2 and 3 . In all patients, resection of the pseudoaneurysm and closure of the ventricular wall defect was performed without any sequela, such as embolus or mechanical complication. Four patients died in the immediate postoperative period. The overall hospital mortality was 30.8% (4 patients). Three of them died after repair of an acute pseudoaneurysm and another patient died after repair of a chronic pseudoaneurysm. Two patients died of progressive multiple organ failure; the remaining 2 died due to cardiac failure. Three patients required the employment of continuous veno-venous hemodyalisis within 3 h after surgery due to acute failure and total postoperative anuria. Six other patients required intraortic balloon pump implantation and 2 other patients that had preoperative intraortic balloon pump continued the support postoperatively. At follow-up another additional death occurred within the first year after surgery most probably due to arrhythmias. Another patient died 3 years after the operation due to cardiac failure. Another patient underwent percutaneous transluminal angioplasty 2 years after surgery.
Discussion
Acquired left ventricular pseudoaneurysms develop after transmural myocardial infarction (55% in reviews), surgery (33%), trauma (7%), or infection (5%) [1e3, 12, 13] . Rupture of the left ventricle after myocardial infarction usually leads to acute pericardial tamponade and immediate death. One of the mechanical complications of the myocardial infarction is the left ventricular free wall rupture which occurs in stages and progresses from endocardium to pericardium. Few patients survive due to formation of an adherent thrombus or pericardial adhesions. Pericardial adhesions may be present or may develop de novo during the rupture. Pseudoaneurysms have been reported to originate usually at the posterior basal and rarely at the apical segment of the left ventricle after occlusion of the right coronary or left anterior descending artery [14] .
Left ventricular pseudoaneurysms are characterized by a small, narrow-necked channel that connects the ventricle with a larger aneurysmal sac, which contains blood and thrombus and is lined by fibrous pericardial tissue with no myocardial elements [15] . A postinfarction true aneurysm, in contrast, is caused by scar formation that results in thinning of the myocardium. Most true left ventricular aneurysms occur anteriorly, consequent to occlusion of the left anterior descending artery. However in some chronic left ventricular pseudoaneurysms, it might be difficult to find the typical narrow-neck, but a large communication between the left ventricle and aneurysmal sac might be present, misdiagnosing the pseudoaneurysm with a true aneurysm. In such cases the large communication is due to a significant rupture of the left ventricular free wall as it was identified in three cases in our series. It has been suggested that a posterior location is indicative of pseudoaneurysm rather than true aneurysm. Extensive infarction in the posterior region involves the posterior papillary muscle, which usually results in severe mitral regurgitation and death; these patients never go on to develop true aneurysm [9] . Three patients in our series had severe mitral valve regurgitation.
Left ventricular pseudoaneurysms are often asymptomatic and are discovered incidentally upon investigation of some other condition, most commonly angina pectoris or congestive heart failure. Routine echocardiography may detect pseudoaneurysm in an asymptomatic patient who is recovering from acute myocardial infarction. Diagnosis can be made preoperatively by several imaging techniques, including computed tomography, echocardiography, and magnetic resonance imaging; however, contrast ventriculography and coronary angiography seem to be necessary in evaluating the location and anatomy of the aneurysm and the state of the coronary arteries. Although the distinction of pseudoaneurysm from a true aneurysm can be difficult, the presence of a narrow neck on either color-flow Doppler echocardiography or ventriculography is strongly suggestive of pseudoaneurysm.
Because of its rarity, the natural history of pseudoaneurysm of the left ventricle is not well established. Congestive heart failure is the most common presentation, followed by angina, ventricular arrhythmias, and embolization [16] . When the diagnosis is established, surgical correction is usually mandatory. Surgery is urgently recommended when a pseudoaneurysm is discovered within the first 2e3 months after myocardial infarction, because onset of rupture is unpredictable [1e3]. However, when diagnosis is made years after myocardial infarction, the urgency and even the need for operation is determined by symptoms rather than by risk of rupture. Embolization of thrombotic material, induced by stagnant blood flow, has also been reported with large pseudoaneurysms [12, 13] .
The surgical treatment of left ventricular post-infarction pseudoaneurysms raises few problems. If thrombotic material within the pseudoaneurysm has been detected by echocardiography, dissection of the heart should initially be limited to the anterior surface, to enable placement of cannulas and institution of cardiopulmonary bypass. The left ventricle should be dissected free from the pericardium after the aorta has been cross-clamped. Dissection of the heart should be done gently because of the danger of systemic embolization if the pseudoaneurysm has thrombotic material. Different techniques such as direct closure, patch closure employing synthetic, autologous or bovine pericardiac patch, sutureless technique [17] have been successfully employed. The neck of the pseudoaneurysm can be closed directly in chronic cases because of its fibrotic edges.
Primary repair carries a higher risk of arrhythmias because pressure is exerted on the left ventricle. In acute cases, closure of the freshly necrotic myocardium with synthetic or pericardial patches is effective. The sutureless technique has been recently employed successfully in acute forms of left ventricular pseudoaneurysms, however further evidence is required [17] .
When the defect is large or located near the base of the heart, a patch may be preferable to avoid excessive traction on the myocardium. In these cases, reconstructing the left ventricle with a patch is preferable, to avoid distortion of the mitral valve apparatus or excessive traction on the ventricular edges.
In cases requiring mitral valve surgery, the neck of the left ventricular pseudoaneurysm can be closed through the left atrium using an autologous pericardial patch. In this approach, the left atrium is opened, the mitral valve temporarily removed, and the neck of the pseudoaneurysm directly closed or covered with a patch [18] . This approach is indicated in sub mitral pseudoaneurysm [19] but also in other cases can be tempted [20] .
Also, in cases representing associated post myocardial infarction interventricular septal defect, the left ventricle might be opened at the neck of the left ventricular pseudoaneurysm and then can be closed as a normal left ventricular true aneurysm, according to the linear technique. In such cases concomitant myocardial revascularization and correction of associated mitral valve insufficiency should be performed. A literature review was performed. All the series of patients with left ventricular pseudoaneuryms due to myocardial infarction were included in this review. The overall early mortality rate for the post-infarction pseudoaneurysm was 23% in Frances' review [12] ; 20% in Atik series [3] , in Komeda's series with 12 patients, it was 25% [16] ; in Prêtre's study [1] it was 30% and in Eren series [3] was 35.7%; and in our series was 30.8% (Table 4) . A total of 306 patients were included and the overall hospital mortality was 21.2% (65 patients). In our experience, death was not associated with technical difficulties, but mainly with poor left ventricular function, associated post infarct interventricular septal defect or valve surgery and acute form.
In conclusion, this study revealed that surgical repair of post infarct left ventricular pseudoaneurysm was associated with an acceptable surgical mortality rate and a low risk of spontaneous rupture. Various surgical techniques are available and should be considered according to the case presentation.
Ethical approval
Yes, IRB approvale.
Sources of funding
None.
Author contribution
All authors contributed on paper writing. EP, MB, AV, GG and AB did surgery, MZ and EB were the anaesthesiologists and AD and ERR the cardiologists.
Conflicts of interest
Guarantor
Edvin Prifti.
Research registration unique identifying number (UIN)
researchregistry1715. 
